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Background: The coagulopathy of COVID-19 still awaits more clarification, and one 
approach that has not been investigated is to compare the hemostatic changes between 
COVID-19 and non-COVID-19 infected patients.
Objective: This study aims to study COVID-19 coagulopathy by measuring markers of 
endothelial injury and coagulation, including anticoagulants (TFPI, protein C, protein S, and 
AT) in COVID-19 patients and compare them with non-COVID-19 patients early in the 
course of the disease.
Methodology: This is an observational, prospective cross-sectional study comparing the 
levels of protein C, protein S, antithrombin (AT) III, clotting factor (F) VIII, von Willebrand 
factor (vWF) and coagulation screening tests (PT and a PTT), fibrinogen, D-dimer in 
COVID-19 patients admitted during the same time with non-COVID-19 infections. The 
demographic and clinical data of the patients were collected from electronic medical records 
during admission. Blood tests were extracted within 24 hours of admission for both groups.
Results: Fifty-four (66.7% males) consecutive COVID-19 patients and 24 (59% males) non- 
COVID-19 controls were enrolled in the study from October 2020 till December 2020. COVID- 
19 patients were significantly older than non-COVID-19 (57.7±14.2 vs 50±19.8 years, p=0.005). 
Fibrinogen level was significantly higher in COVID-19 patients compared to controls (5.9±1.48 
vs 3.9±1.57, p<0.001). There was no statistically significant difference in the level of FVIII, 
protein C, S, ATIII, and D-dimer between the two groups. The level of vWF Ag was statistically 
higher in COVID-19 patients (276.7±91.1 vs 184.7±89.4, p=0.0001). There was significant 
thrombocytopenia and lymphopenia among COVID-19 patients. Inflammatory markers, CRP, 
ferritin, and LDH, were increased in COVID-19 patients compared to non-COVID-19, but the 
difference was not statistically significant. High fibrinogen and vWF AG levels were the two 
independent variables found in COVID-19 patients.
Conclusion: The level of vWF Ag is increased early in the course of COVID-19 infection. 
This can be used as a biomarker for endothelial injury, which is peculiar to COVID-19 
infection.
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Introduction
Coronavirus disease (COVID-19) started in Wuhan, China, as multiple cases of 
pneumonia of unclear cause.1–3 On 11th March 2020, WHO declared COVID-19 as 
a pandemic after affecting more than 118,319 patients globally.4 Currently, more 
than 127 million cases are confirmed worldwide with 2,799,030 deaths.5 In the 
Kingdom of Saudi Arabia, the total number of cases has reached 388,860 with 6656 
deaths, according to the last report (29th March 2021) from the Saudi Ministry of 
Health and the Saudi Centre of Disease Prevention and Control (CDC).6
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It is well known now that severe acute respiratory syn
drome corona virus2 (SARS-CoV-2) utilizes angiotensin- 
converting enzyme 2 (ACE2) receptor to enter human host 
cells.31 Specifically, SARS-CoV-2 surface spike protein 
binds to human ACE2 on the surface of the cell through its 
receptor-binding domain (RBD) which is activated by trans
membrane protease serine 2 (TMPRSS2). This in turn 
induces virus-plasma membrane fusion and subsequent cell 
entry. Therefore, it plays a fundamental role in SARS-CoV-2 
cellular infectivity as well as reduced viral recognition by 
neutralizing antibodies. Its expression by endothelial cells of 
the respiratory and digestive tracts explains many of the 
clinical presentations of COVID-19 infection.32–34

Patients with DM have an upregulation of ACE2 
expression (total and glycosylated forms) on the surface 
of the cells secondary to the renin-angiotensin system 
activation.35 This contributes to the higher prevalence 
and worse prognosis of COVID-19 infection in patients 
with type 2 DM in conjunction with microvascular damage 
and overt inflammation mediated by high plasma levels of 
IL-6 and other pro-inflammatory cytokine.36

Similarly, the higher binding of COVID-19 and ACE2 
could explain the higher rate of hypertension among 
patients infected with covid-19 and their complicated 
course. ACE2 is a known modulator of the renin- 
angiotensin system (RAS) and responsible for many of 
the pathways underlying hypertension.37

Recently, many papers have reported an increased pre
valence of venous and arterial thrombosis in COVID-19 
patients.7–10 This is especially true in patients with non-O 
blood groups who have higher risk for arterial and venous 
thrombosis. Possibly related to alteration in hemostatic 
markers, vWF and FVIII, and over-inflammation.38

Similarly, postmortem studies have demonstrated the 
presence of widespread multiple microthrombi.11 

Pulmonary embolism and deep vein thrombosis have also 
been reported in-69%of critically ill patients.9

During the last year, COVID-19 coagulopathy has been 
the subject of numerous publications, and it is now well 
established that the laboratory findings in COVID-19 coa
gulopathy are quite different from the usual findings of 
disseminated intravascular coagulation (DIC) seen com
monly in septicemia.12,13

In hospitalized COVID-19 patients, the most observed 
abnormalities are elevations of plasma fibrinogen and 
D-dimer, along with a parallel rise in markers of inflam
mation (eg, CRP and cytokines), and minimum prolonga
tion of prothrombin time (PT), activated partial 

thromboplastin time (aPTT), thrombin time (TT) and 
mild thrombocytopenia (platelet count ~100 x109/L).14,15 

This does not fit in the findings noted in classical DIC.16

These unique features of COVID-19 have been 
researched extensively in the last few months, and no 
consensus on its pathophysiology has been reached. 
A recent article in Nature has described it rightly as the 
COVID-19 mystery.17,18

With this background in mind, we conducted a cross- 
sectional study to explore the mechanism of clot formation 
in COVID-19, specifically the level of clotting factor (F) 
VIII, von Willebrand factor (vWF), and natural anticoagu
lants in COVID-19 infection on admission to the hospital 
and compared it to the non-COVID-19 patients. We 
believe this approach of comparing markers of endothelial 
injury and coagulation between patients with COVID-19 
pneumonia and bacterial pneumonia would bring out dif
ferences in the coagulopathy between these two groups of 
patients and thereby shed some light on the peculiar 
mechanism of the COVID-19 coagulopathy and better 
understanding of its pathophysiology, which may pave 
the way for novel therapeutic and/or preventive measures 
to prevent this potentially fatal complication•

Materials and Methodology
This study is a cross-sectional prospective observational 
study comparing COVID-19 patients confirmed by posi
tive real-time polymerase chain reaction rt-PCR test, 
Roche Light Cycler® 480, of nasopharyngeal swabs, and 
non-COVID-19 patients admitted at King Khalid 
University Hospital, Riyadh, Saudi Arabia, between 
October 2020 and December 2020.

Informed consent was obtained from all patients or 
their next of kin for reviewing their electronic medical 
records and collection of blood samples for the laboratory 
coagulation tests. The study was conducted in accordance 
with the Declaration of Helsinki. The study was approved 
by the Institutional Review Board of the College of 
Medicine-King Saud University, clinical trial number 
E-20-5099.

Patient Selection
The study included patients aged 18–80 years. We 
excluded incompetent or mentally disabled patients, oncol
ogy patients, pregnant or lactating women, patients known 
to have nephrotic syndrome and liver cirrhosis, and 
patients recently diagnosed with venous thromboembolism 
(<3 months) and those on anticoagulants.
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For the control patients (non-COVID-19) two negative 
screening rt-PCR test and diagnosis of community- 
acquired pneumonia (ATS definition) was required for 
enrolment.19

Demographic and clinical data were collected from the 
patients’ electronic charts and recorded in a data entry 
form. These included age, sex, basal metabolic rate 
(BMI), smoking, comorbidities, medication, and clinical 
presentation for COVID-19.

The metrics for all the baseline laboratory investiga
tions were collected from the system (HbA1C, D-dimer, 
CBC with differential count, serum ferritin, LDH, Cr, 
BUN, AST, ALT, Albumin, Bilirubin LDH and CRP).

Using a citrated tube, blood samples for natural coagula
tion factors inhibitors (Protein C, S, Antithrombin (AT) III) 
were extracted by the attending nurse, within 24 hours of 
admission, for both COVID-19 and non-COVID-19 patients. 
Samples were then transferred to Hematopathology 
Laboratory at King Khalid University Hospital.

Coagulation Tests
The performed assays included PT, aPTT, fibrinogen, 
D-dimer, quantification of coagulation FVIII, and physio
logical inhibitor proteins (protein C, free protein S, and 
AT). The PT, aPTT, and plasma fibrinogen assays were 
determined on the NeoPTimal using STA®, PTT A ⑤, 
Liquid FIB respectively and D-Dimer assay on the 
Liatest® D-Di PLUS. The Protein S, Protein C, antithrom
bin assays were determined on the Staclot, Stachrom, 
Stachrom ATIII STA®, respectively. The ristocetin cofac
tor activity of vWF-Rco was determined by vWF: RCo 
and vWF: Ag using Liatest ® vWF: Ag STA®.

Statistical Analysis
For descriptive and inferential statistical data analyses, 
Statistical Package for Social Sciences software, version 
25.0 (IBM SPSS Inc., Chicago, IL), was used. Both 
descriptive and inferential statistics involving the Chi- 
square test and T-independent Test were used to present 
the results. For each test, a p-value of less than 0.05 was 
considered statistically significant. Multiple logistic 
regression analysis and ROC curves were used to identify 
the independent variable.

Results
Fifty-four (66.7% males) consecutive COVID-19 patients 
and 24 (59% males) non-COVID-19 controls were 
enrolled in the study, from October 2020 till 

December 2020. The control group patients were diag
nosed with community-acquired pneumonia, and 6 of 
them had acute decompensated heart failure. Seven 
patients (7.4%) of COVID-19 patients died, 2 patients 
developed PE and one patient DVT during hospitalization. 
The severity of Infection with Covid 19 was moderate in 
15 patients, severe in 20 patients who required high flow 
oxygen or CPAP. Out of nineteen patients (35%) admitted 
to ICU, seven were put on mechanical ventilation (37%), 
and eight patients received anti-IL-6 (tocilizumab) therapy. 
Blood group O positive was the predominant ABO phe
notype in both Covid-19 and non-COVID-19 patients, 
56% and 48%, respectively.

COVID-19 patients were significantly older than non- 
COVID-19 patients (57.7 + 14.2 years vs 50 ±19.8 years, 
p=0.005) and were more obese (BMI = 31.3 ±7.5 vs 25.7 
±6.9 kg/m2, P=0.003). Their mean Glycosylated Hb 
(HbA1C) was 7.69±2.1% (Table 1). Thirty-one patients 
(57%) of Covid-19 patients had type2DM and were on 
anti-hyperglycemic drugs, while 24 patients (44.4%) were 
hypertensive There were more smokers in the control 
group compared to the COVID-19 group (Table 2). 
There was no difference in comorbid conditions between 
the COVID-19 and non-COVID-19 groups apart from 
chronic lung disease, which was more common in the 
COVID-19 group (18.5% vs 0%, p=0.024) (Table 3). 
Forty-nine patients (90.7%) of COVID-19 patients versus 
18 patients (75%) of controls received LMWH, enoxaparin 
for VTE prophylaxis, but the difference was not statisti
cally significant (p=0.065). Additionally, the use of anti
platelets was similar among the 2 groups (22.2% vs 
33.3%, p=0.3)(Table 3)

Laboratory Results
Plasma fibrinogen was significantly higher in COVID-19 
patients compared to controls (5.9 ±1.5 vs 3.9 ±1.57, 
p=0.000). There was no statistically significant difference 
in the level of proteins C, S, ATIII between the two 
groups. Similarly, the level of FVIII, although it was 
elevated in both groups high, it did not differ significantly 
between the 2 two groups (196.8 ±83.3% vs 227.4±82.9%, 
p=0.138). However, the level of factor vWF AG was 
statistically higher in COVID-19 patients (276.7 ±91.01 
vs 184.7 ±89.4, p=0.0001) (Table 1). There was a trend 
towards increased vWF activity in Covid-19 patients, but 
this did not reach statistical significance, probably due to 
the small sample size (191,5.31±68,8.18% vs 177.1 
±64.5%, p=0.08). The level of clotting FVIII was 
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increased in COVID-19 as well as in non-COVID-19 
patients, with no significant difference between the two 
groups (p=0.138).

There was significant thrombocytopenia and lympho
penia in the COVID-19 group, but there were no differ
ences found in coagulation tests PT, aPTT, and D-dimers 
levels (Table 1). Inflammatory markers CRP, Ferritin in, 
and LDH were highly elevated in both COVID-19 and 
non-COVID-19 patients, but there was no statistical dif
ference between both COVID-19 and non-COVID-19 
patients (Table 1).

In the multivariate logistic regression analysis of the 
laboratory values, high fibrinogen and vWF: AG levels 
were the 2 independent variables found in COVID-19 
patients (Table 4). Plasma fibrinogen (OR = 2.552; 95% 
CI= 1.2835.077; P <0.05) and vWF Ag (OR = 1.011; 95%) 

COVID-19 patients were used to generate ROC curves 
(Figure 1). The area under the ROC curve of 0.0.652 for 
age (P >0.05), of 0.738 for BMI (P <0.05), of 0.678 for 
smoking (P <0.05), of 0.309 for sex (P <0.05), of 0.202 for 
lymphopenia (P 5), of 0.797 for Hg (P <0.05), of 0.404 for 
PT (P <0.05), of 0.862 for fibrinogen (P < 0.05) and of 
0.795 for VWF Ag (P <0.05) (Figure 1).

Discussion
This study investigated some of the markers of endothelial 
dysfunction, coagulation factors, and level of natural antic
oagulants early in the course of COVID-19 infection in 
comparison to non-COVID-19 patients admitted with 
community-acquired pneumonia CAP during the same 
time period. We found that the level of vWF Ag, which 
is a marker of endothelial injury, was significantly higher 

Table 1 The Laboratory Result Values of COVID-19 Patients and Control Subjects

Parameters Reference Values COVID-19 Patients NON COVID-19 Controls Calculated T-Value Sig. (P-value)

Mean S.D. Mean S.D.

WBC 4.000–11.000 *10^9/L 8.17 6.24 9.23 4.75 −0.742 0.46

Lymph 1.0–5.0*10^9/L 1.25 1.17 2.12 1.49 −2.65 0.010*
Haemoglobin 130–180 gm/L 12.75 1.76 11.22 1.82 3.47 0.001*

Platelets 140–450*10^9/L 215.62 100.61 333.16 113.03 −4.58 0.0001*

PT sec 12.1–15.7 14.05 1.41 14.64 2.05 −1.21 0.236
aPTT sec 25.7–39.5 42.01 8.00 38.15 9.92 1.76 0.081

D dimer ug/mL 0.2–0.45 1.85 4.19 1.51 1.15 0.357 0.72

Fibrinogen g/l 2--4 5.90 1.48 3.93 1.57 4.95 0.0001*
Protien c % 70–130 92.52 18.85 94.45 21.95 −0.395 0.69

Protien S % 55–143 66.39 19.91 65.91 26.49 0.08 0.93

APCR sec >120 152.47 43.79 162.99 29.47 −1.07 0.29
AT III % 80–120 88.98 14.49 84.20 16.37 1.28 0.203

FVIII % 60–150 196.77 83.29 227.37 82.93 −1.49 0.14

VWF Activity % 50–160 191,5.3 68,8.2 177.08 64.54 –1.74 0.08
VWF Ag % 50–160 276.70 91.02 184.70 89.36 4.14 0.0001*

HgA1C 4.0–6.0% 7.69 2.07 8.61 3.32 −0.918 0.38

Creatinine 53–115 mcmole/L 98.0 51.22 97.79 104.94 0.011 0.991
ALT 16–61 unit/L 51.96 34.06 58.50 99.83 0.5 0.76

AST 15–37 unit/L 58.02 66.64 45.95 87.63 0.624 0.54

Albumin 34.00–50.00 gm/L 30.09 4.37 30.84 6.64 −0.509 0.61
Bilirubin 3.00–17.00 umole/L 8.90 5.51 17.12 22.58 −1.76 0.09

Ferritin 30–400 mcg/L 585.67 817.22 106.075 371,67 −0.501 0.61

LDH 84–246 unit/L 392.88 139.24 251,125 375.67 −1.73 0.09
CRP 0.00–3.00 mg/L 85.07 73.170 51.34 44.77 1.26 0.21

Troponin 0.00–19.00 ng/L 20.16 53.27 15.64 28.74 0.357 0.72
BNP < 100 pg/mL 756.48 1122.29 2616.53 6222.86 −1.07 0.30

Notes: Data are presented as mean ± standard deviation or number (%). WBC – White blood cells. *Indicates values with statistical significance. Significant differences in lab 
results between patients and control subjects include lymphocyte count, Hemoglobin, Platelets, fibrinogen and VWF Ag. 
Abbreviations: PT, prothrombin time; aPTT, activated partial thromboplastin time; PC, protein c; PS, protein S; ATIII, antithrombin III; APCR, activated protein 
C resistance; F VIII, FACTOR VIII; VWFAg, Von Willebrand Factor Antigen; VWFACT, Von Willebrand Factor Activity; HgA1C, hemoglobin A1C; ALT, alanine trans 
aminase; AST, aspartate trans aminase; LDH, lactate dehydrogenase; CRP, C reactive protein; BNB, brain natriuretic peptide.
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in COVID-19 patients than in bacterial infections. Its 
release following SARS-CoV-2 infection of endothelial 
cells leads to platelet activation and increased levels of 
FVIII. We also found an Increased level of D-dimer and 
fibrinogen early in COVID-19 infection. Our findings 
highlight the important role of endotheliitis in COVID-19 
coagulopathy.

The high level of vWF Ag and activity may indicate 
that endothelial stimulation has taken place very early in 
the course of COVID-19, resulting in the release of vWF 
from the endothelium. This process is mediated by ACE2 
receptors for SAR-Cov-2 on the surface of endothelial 
cells20 and contributes to the upregulation of fibrinogen 
and other procoagulants. This goes in parallel with the 
increase in the inflammatory markers IL6, ferritin, LDH. 
CRP and suggests that VWF can be a predictive marker of 
severe infection.21,39 The direct infection of the endothe
lial cells also leads to platelet activation and increased 
levels of VWF and FVIII, all of which contribute to 

thrombin generation and fibrin clot formation.22 The resul
tant endothelial cell activation can, to a great extent, 
explain the pulmonary microvascular thrombosis found 
in post-mortem examination of deceased patients with 
COVID-19,23,24 The level of FVIII in this study cohort 
of COVID-19 patients was increased early in the disease 
and the platelet count was mildly reduced.

Interestingly, the levels of natural anticoagulants (Pr C, 
S, ATIII) in COVID-19 patients were low normal but were 
not different from that found in patients with non-COVID 
-19 patients with CAP. This could indicate that depletion 
of natural anticoagulants occurs in both bacterial and viral 
infection at a later stage.

In addition, this study found that biomarkers of coagu
lation (such as D-dimer, fibrinogen, platelet count) were 
affected early in the COVID-19 infection. Previous studies 
reported that D-dimer could be used to differentiate 
between COVID-19 patients with severe versus mild 
disease.22,25

Table 2 Demographic Profile of Study Participants

Cases Controls

Parameters Mean ± S.D Mean ± S.D

Age(year) 57.69 ± 14.23 50 ± 19.79 P=0.005
BMI(Kg/m2) 31.34 ± 7.55 25.69 ± 6.91 P=0.003

Age Group Frequency Percentage Frequency Percentage Chi-Square P-value

≤ 46 (year) 7 13% 10 41%

4756(year) 21 38.9% 3 12.5%
57–65(year) 12 22.2% 2 8.3% 12.58 0.005

66 + (year) 14 25.9% 9 37.5%
Total 54 100% 24 100%

Smoking Frequency Percentage Frequency Percentage Chi-Square P-value

Ex-smoker 4 7.4% 3 12.5%

Non smoker 27 50% 19 79.2%
Smoker 2 3.7% 2 8.3% 12.9 0.005

Unknown 21 38.9% 0 0%

Total 54 100% 24 100%

Gender Frequency Percentage Frequency Percentage Chi-Square P-value

Male 36 66.7% 10 59.0%

Female 18 33.7% 14 41.0% 4.26 0.035

Total 54 100% 24 100%

Nationality Frequency Percentage Frequency Percentage Chi-Square P-value

Saudi 39 73.6% 23 95.8%

Others 14 26.4% 1 4.2% 5.12 0.022

Abbreviation: BMI, body mass index.
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Table 4 Multivariate Logistic Regression Analysis of the Laboratory Result Values Obtained from COVID-19 Patients and Control

Parameter Univariate Analysis Multivariate Analysis

OR 95% C.I. for OR Sig. (P-value) OR 95% C.I. for OR Sig. (P-value)

Lower Upper Lower Upper

Age 1.029 0.998 1.061 0.063 0.976 0.914 1.042 0.470

BMI 1.138 1.039 1.247 0.005* 1.071 0.940 1.220 0.305

Smoking 2.925 1.411 6.063 0.004* 1.649 0.318 8.555 0.552
Sex 0.357 0.133 0.960 0.041 0.439 0.039 4.925 0.504

Lymphocyte 0.614 0.395 0.953 0.030* 0.816 0.452 1.473 0.500

Hemoglobin 1.565 1.173 2.089 0.002* 1.462 0.854 2.505 0.166
Platelets 0.812 0.602 1.095 0.172 0.879 0.435 1.778 0.721

Fibrinogen 2.528 1.565 4.085 0.0001* 2.552 1.283 5.077 0.008*

VWF Ag 1.011 1.005 1.018 0.001* 1.011 0.999 1.024 0.080*

Notes: *Indicates values with statistical significance. The independent variables found in Covid-19 patients are Fibrinogen and VWF Ag. 
Abbreviations: BMI, body mass index; VWFAg, Von Willebrand Factor Antigen.

Table 3 Comparison of Co-Morbid Conditions Between (COVID-19 Patients and Control Individuals)

Parameters Patients Control Chi-Square P-value

Frequency Percentage Frequency Percentage

Diabetes Mellitus 31 57.4% 13 54.2% 0.071 0.7

DM Type 1 0 0% 1 4.2%

DM Type 2 31 57.4% 12 55.1% 2.56 0.277

Hypertension 24 44.4% 12 50% 0.206 0.650

Heart failure 6 11.1% 6 25% 2.46 0.11

Diastolic 4 7.4% 4 16.7%

Systolic 2 3.7% 1 4.2% 4.03 0.25

Atrial Fibrillation 1 1.9% 0 0% 0.74 0.39

Ischemic heart disease 4 7.4% 4 12.5% 0.501 0.48

Stroke 2 3.7% 1 4.2% 0.01 0.92

Chronic Kidney Disease 5 9.3% 4 16.7% 0.85 0.35

On dialysis 38 66.7% 0 0% 29.7 0

Chronic Lung Disease 10 18.5% 0 0% 5.1 0.024*

Name of VTE prophylaxis Frequency Percentage Frequency Percentage Chi-Square P-value

Enoxaparin 49 90.7% 18 75% 3.39 0.065

Unfractionated Heparin 5 9.3% 6 25%

Antiplatelet 12 22.2% 8 33.3% 1.08 0.3

Notes: *Indicates values with statistical significance. No difference in co-morbid conditions was found between patients and control subjects apart from Chronic Lung 
disease. No significant difference was found regarding the type of VTE prophylaxis. 
Abbreviation: VTE, venous thromboembolism.
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A cut-off value of D-dimer of ≥2 µg/mL (fourfold 
increase) within 24 hours after hospital admission was 
reported by Zhang et al to predict in-hospital mortality with 
a sensitivity of 92.3% and a specificity of 83.3%.26 Of note, 
the two study groups were not different in the anticoagulant 
agent used for VTE prophylaxis (Table 3); therefore, the 
changes noted in D-dimer, fibrinogen and coagulation factors 
were not related to the type of anticoagulant agent.

The increase in fibrinogen noticed early in COVID-19 
infection helps differentiate bacterial sepsis or DIC from 
COVID-19 induced coagulopathy.27 Besides, the asso
ciated thrombocytopenia and prolonged activated partial 
thromboplastin time tend to be mild.18 This supports the 
theory that arterial thrombosis in COVID-19 is the result 
of direct endotheliitis caused by SARS-CoV-2 infection of 
endothelial cells through the two receptors of angiotensin- 
converting enzyme which results in disseminated micro
thrombosis, reactive endotheliitis and release of von 
Willebrand (vWF) multimers.18,39 This seems to be pecu
liar for COVID-19 and not shared with other viruses that 
present with decreased plasma fibrinogen concentrations, 

such as Ebola or Dengue, responsible for hemorrhagic 
fever and associated with the hypercoagulable state.28

In this study, the lymphocyte count of COVID-1919 
pts was statistically lower than non-COVID-19 and 
occurred early in the disease. This is in agreement with 
previous studies that reported lymphopenia in 70.3% of 
hospitalized COVID-19 patients29 and can be considered 
as a biomarker of adaptive immune response and was 
found to be associated with COVID-19 severity.30

Limitations of This Study
Including the small sample size and being a single- 
center study, other inflammatory markers, eg, ferritin. 
IL 6 and procalcitonin were not compared among the 
two groups. Future studies in a larger number of patients 
are needed to confirm our findings and probably try to 
identify other soluble and cellular markers of early 
endothelial derangement. This will help to further reveal 
the role of endotheliitis in the procoagulant mechanism 
of SARs-cov2 infection, eg, plasma VWF propeptide 
(VWF pp).

Figure 1 ROC curves for multivariate logistic regression models of significant variables among COVID-19-patients.
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Conclusion
Endothelial injury activation markers are increased early 
in COVID-19 infection, which is peculiar to COVID-19. 
The levels of VWF-Ag and fibrinogen are higher in 
COVID-19 infection than in non-COVID-19 bacterial 
infections.

We probably need to target endothelial injury in early 
COVID-19 to halt the activation of the coagulation system 
and consumption of natural anticoagulants and triggering 
of inflammatory response.

VWF Ag can be used as a biomarker for endothelial 
injury in COVID-19 early in the course of infection and 
may play a role as a prognostic indicator as demonstrated 
in other recent studies.
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